Mannosidosis was diagnosed in four stillborn Galloway calves and an autolyzed full-term fetus from experimental matings of carrier animals. Gross lesions were moderate internal hydrocephalus, and pallor and enlargement of the liver and kidneys and arthrogryposis. Histologic changes in the central nervous system of each calf were marked foamy vacuolation of the cytoplasm of neurones in the cerebral cortex, thalamus and brainstem, and vacuolation of the Purkinje cells of the cerebellum. Spheroids were common throughout the brain and there was also consistent severe foamy cytoplasmic vacuolation of renal tubular epithelial cells and hepatocytes. The activities of a-mannosidase, the lysosomal enzyme whose activity is deficient in mannosidosis, and activities of five other lysosomal enzymes were compared in brain, liver, and kidney tissues of three mannosidosis-affected calves and normal calf tissues. Tissues from the affected calves had a marked deficiency of amannosidase activity compared with the normal tissues; the greatest deficiency was in the liver (99%) and brain (98%). Activities of the other lysosomal enzymes were elevated in the affected tissues compared with normal.
Materials and Methods
Details of the case history of the breeding trial have been reported previ~usly.~ Two clinically abnormal calves were killed with an overdose of barbiturate. Entire brains and samples of liver, kidneys, hearts, spleens, and lungs were taken from all stillborn and euthanized calves, and samples of salivary glands and lymph nodes were taken from two stillborn calves. Samples of placentas were collected from three stillborn calves. Tissues were fixed in phosphate-buffered formalin for routine histological examination. Parafin sections were stained with hematoxylin and eosin (HE). Frozen sections of the brains, livers and kidneys from two calves were stained with oil red 0 for lipid and periodic acid-Schiff (PAS) for polysaccharide.
Samples of spleen and brain from one stillborn calf and the blood clots taken from dams of three stillborn calves at the time of calving were cultured for viruses on primary bovine kidney and testes cells." Sera from dams of three stillborn calves were tested for antibodies to Akabane virus by a serum neutralization test.'
Lysosomal enzyme assays were done on brain, liver, and kidney samples from one clinically abnormal calf and three of the stillborn calves, and also on apparently normal fetal tissues obtained from an abattoir. For enzyme assay, a 10% aqueous tissue homogenate was used as the enzyme source. Tissues were homogenized in water, disrupted ultrasonically, for enzyme assay after centrifugation at 2000 x g for 30 minutes. Activities of a-mannosidase, a-and P-glucosidase, /3-glucuronidase, P-galactosidase and P-n-acetyl-glucosaminidase were estimated using fluonmetric substrates, (Koch-Light Laboratories Ltd., Colnbrook, Buckinghamshire, U.K.), together with protein concentration in the supernatants, according to conditions described previously. l 3
The mannosidosis genotype of the 18 phenotypically normal live calves was determined when the animals were six to nine months of age; diagnosis was made on the basis of plasma a-mannosidase activity' and the results of granulocyte tests.' '
Results
A t necropsy, the fetus and three stillborn calves had moderate internal hydrocephalus with the lateral ventricles containing from 100 to 150 ml fluid. Pallor and enlargement of the liver and kidneys which were up to three times normal size were apparent in all stillborn calves. T w o calves were affected with arthrogryposis of the tarsal and carpal joints. Lungs were partially inflated in one stillborn calf.
No gross brain lesions were found in the two clinically abnormal live calves necropsied. A 1-cm diameter lesion of syringomyelia was found in the thoracic spinal frozen and thawed four times, and the supernatant removed cord of the ataxic calf, a n d an umbilical closure defect with evisceration of the abomasum was found in the second calf.
Microscopic findings in the Changes in salivary epithelial cells and macrophages in lymph nodes were mild and difficult to detect, however.
No histological lesions were detected in the three placentas examined. The vacuolar material in neurones, renal epithelial cells and hepatocytes did not stain with oil red 0, and only occasional vacuoles stained weakly with the PAS reaction. No microscopic lesions were found in either of the two calves born alive with clinical abnormalities.
No virus was cultured from the tissue of the stillborn calf or from blood clots from the dams of stillborn calves.
Analyses of six lysosomal enzymes in brain, liver, and kidney tissues from the three fetuses diagnosed histologically as being affected with mannosidosis, normal abattoir fetuses, and the calf with an umbilical hernia are shown in tables I and 11. Tissues from the affected calves had a marked deficiency of a-mannosidase activity compared with the normal tissues, the greatest deficiency being in the liver (99%) and the brain (98%) (table I). For the five other lysosomal enzymes, the affected tissues tended to show elevated activity compared with controls (table 11) .
Genotype diagnoses on the 18 clinically normal live calves revealed three calves to be homozygous normal and twelve to be heterozygous, with equivocal diagnoses being made on the remaining three calves (which were then subsequently sold). In addition, the calf in which syringomyelia was found was diagnosed as being homo- zygous normal, and tissue a-mannosidase activities in the calf with the umbilical hernia indicated that animal was also normal.
Discussion
The gross findings of hydrocephalus and histological findings of neuronal and renal epithelial cell vacuolation in the tissues from the aborted fetus and stillborn calves closely resemble those of mannosidosis in Angus calves. '6.2' The absence of staining of vacuolar material with oil red 0 is consistent with a non-lipoidal storage disease, and the difficulty in staining vacuolar material with PAS in cases of mannosidosis has been expenenced by other workers.2 The diagnosis of mannosidosis in these affected Galloway calves was confirmed by demonstrating a profound deficiency of the lysosomal enzyme a-mannosidase in the tissues. Arthrogryposis has not been described previously in bovine mannosidosis although generalized mild dysostosis has been observed in people.'. " Virological testing excluded involvement of Akabane virus and bovine virus diarrheamucosal disease virus in our calves.
These viruses have been shown to cause congenital bovine musculo-skeletal and central nervous system defect^.',^ Prominent hepatocyte vacuolation, consistently present in the stillborn calves, has not been recorded in bovine mannosidosis although mild hepatic changes have been described in people.' Other workers, l 6 have suggested that the amount of a-mannosidase retained in the livers of cattle, which is usually greater than residual levels in other tissues, is sufficient to prevent storage lesions from developing in hepatocytes. The severity of the enzyme deficiency in the stillborn Galloway calves appears to be greater than that reported in affected Angus calves,'' and it is interesting to note that the greatest relative deficiency in the Galloways occurred in the livers. In this study, analyses of a number of other lysosomal enzymes were done, since in addition to mannosidosis, several other lysosomal storage diseases have been reported in cattle,6,'0.20 In our calves, a-mannosidase was the only enzyme in which activity was reduced in the affected tissues.
As a result of screening programs to detect animals heterozygous for bovine mannosidosis, the gene for mannosidosis has been demonstrated quite clearly in the Galloway breed in Australia. For example, in Victoria, of 1463 cattle tested on 28 properties, 45 cattle were found to be heterozygous, although only a limited number of family lines appear to be affected.
The severities of the enzyme deficiencies in developing Galloway fetuses is a possible cause of their nonviability, and it is probable that non-viability of these fetuses is a major reason why clinical effects of mannosidosis have not been previously recognized in the Galloway breed.
